Science & Technology (S&T) with frugal innovation is the key to economic stability and prosperity of the country as it can provide the path to sustainable growth and help build a technologically driven economy capable of providing social welfare even to the bottom most layer of the society. R&D is an integral part of technological advancement and the Government of India has made concerted efforts to build upon S&T and industrial capabilities in the country. This compilation is an attempt to examine the national strategy adopted by the government and the various policies working in interaction to leverage the industrial sector, S&T and technological innovation in the country. The framework of the document also presents before the readers a brief glimpse of the measures adopted by the government at policy, structural and regulatory levels to drive innovation and create an enabling environment for the private sector in the industry to enhance investments in R&D, innovations and intellectual property. The study also reflects the trends in R&D investments by the government and the industry in India with comparisons to their global counterparts and the obstacles faced by the industry in enhancing R&D expenditure.
Introduction
The growth and development of the industrial sector plays a pivotal role in the economic development of the country as it is a means of fast, sustainable and broad base inclusive growth. In the past one decade Indian companies have performed exceptionally well in some of the sectors and the trend should continue to increase and strengthened. Efforts have been made to make India an innovation hub and move beyond the formal R&D parameters to promote knowledge based industries which may enable converting knowledge into product/value or worth through innovation. The delivering of an affordable, quality and value product to the India's teeming millions is a colossal task with huge challenges and opportunities on the way. Meanwhile the industry should be enabled to innovate and channelize the benefits to people lying even at the bottom of the economic pyramid. R&D in the industrial sector is the measure of innovation index and the Indian firms should elevate their research and innovation capabilities to develop new product line, support frugal innovation and provide cost-effective solutions. The Indian enterprise has a huge responsibility to work for consumer expectation and satisfaction and the government has extended full funding and policy support to leverage the enabling factors for innovation and technological development. The government has announced several policy reforms and has taken proactive steps to ensure stable industrial growth in the country. The paper examines some of the extensive measures and reforms placed by the government at policy, structural and regulatory levels and their impact on fostering economic development, facilitating manufacturing and broadening the R&D base in the industry.
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Industrial Policies and Their Impact on Industrial Development
India inherited a drained and shattered economy at the time of Independence and the visionaries who laid the foundation of a strong and vibrant nation had already realized the importance of sound policy, structural and procedural reforms, technology and innovation for the growth and development of the country. India was primarily an agrarian economy and despite the paucity of resources, it was expected to achieve a phenomenal increase in industrialization. The country was in dire need of economic reforms and Pt. Jawaharlal Nehru, the first Prime Minister of India advocated for socialistic pattern of society, which is reflected in the economic reforms and policies placed during his tenure.
The government introduced the Industrial Policy Resolution in 1948 even before the constitution of India was adopted and gave a succinct view of how the government plans to have the industrial sector in India. The industrial sector was broadly divided into three wings: the government (public Sector), private sector and the joint sector. The policy resolution emphasized the need for having a sustainable economy with the continuous increase in the production of goods and their equitable distribution amongst all the sections in society. The focus was to lay the foundation of a mixed economy where both the public and private sector would work together for the industrial growth of the country. Later, the central government passed the Industries (Development and Regulation) Act, 1951 to foster development and regulation of industries in India through licensing. This entrusted the government with power and autonomy to facilitate the establishment and expansion of existing plants only with the approval and licencing by the government. The Act empowered the government to have price control, regulation on the methods and volume of production and on the distribution channels.
Pt. Jawaharlal Nehru was a strong supporter of the socialistic pattern of society and this was reflected in the high level of central and state control on the industrial and business sectors in the country. The era also witnessed reservations for foreign direct investments and considerable emphasis was given to develop as a self-reliant economy. During the 1950's, the economic, technological and entrepreneurship base of the country was not strong enough to support industrialization in the country on a fast pace, and therefore, the government took the lead role and responsibility in giving a push to the industrial development.
The Industrial Policy Resolution of 1956, was one of the most widely accepted and influential policies for almost two decades and was put forward to provide a definitive structure to the mixed economy model and to the concept of socialistic pattern of society in India with an aim to ebb regional inequalities and imbalances (Thakur et al., 2012) . The industrial sector was now classified into three schedules, A, B and C depending upon the role and stake of the government in developing that sector. The Schedule A, comprised of only those industries (17 in number) whose future development was the exclusive responsibility of the state like the industries dealing with the development of arms & ammunition, atomic energy, iron and steel, heavy castings and forging of iron and steel, air transport, railways, ship-buildings, telegraph and wireless apparatus and generation and distribution of electricity. The Schedule B, comprised of those industries (12 in number) which were primarily state owned and in which the private sector was welcome to supplement the efforts of the state, for example, industries catering to basic and intermediate products required by chemical industries such as those involved in manufacture of drugs, fertilizers, synthetic rubber, carbonization of coal, chemical pulp etc. The Schedule C, comprised of those industries which were not included in the Schedule A and B.
The industrial policies contrived during the 1950's had several deterrents which led to slow pace of technological development, modernization in industry, low access to the competitive markets, reduced focus on research & development and economic instability. These drawbacks to some extent were addressed in the industrial policy statements introduced during the 1973, 1977 and 1980 which laid emphasis on high priority sectors in the industry where foreign investments could be encouraged. The seventh five year plan period witnessed several policy reforms during which efforts were made to open the domestic markets in the country to increase competition, enhance productivity, quality of produce and to lower the cost of product. The tenet was to prepare the industry face international competition.
The government drifted its focus towards decentralization and enforced open market system. The role of small scale and medium industries was emphasized for promoting competitive domestic markets and for adopting modern and upgraded technology for production. This rejig led to a noticeable change and India started pushing itself towards major economic reforms which gained momentum during the mid-80s and finally in the year 1991, the government announced the new industrial policy which promoted economic liberalization, privatization and globalization. The public sector was confined to the core and basic industries such as industry operating in the sphere of security, strategic and military considerations, hazardous chemicals, railway transport etc. whereas the private sector was deregulated and given the freedom and flexibility to perform and respond to the competitive markets (source: Statement on Industrial Policy, July 24, 1991). The industrial licensing was abolished irrespective of the investment levels. The three industries catering to motor cars, white goods and leather were delicenced in 1993. Later, industries catering to entertainment, electronics industry, animal fats and oil, wood and paper, newsprint, drugs and pharmaceuticals were also delicenced. There was a paradigm shift in the industry environment and research & development started to be being viewed from the perspective of innovation, commercialization and profitability.
Two and a half decades down the line, India has witnessed a humongous change. The country has worked hard to push itself into the top echelon of the competitive economies. The government batted for technology development, technology acquisition, indigenization and skill development keeping in mind the mounting pressures on the available resources and the ever expanding population. The private sector which was initially refrained from engaging in strategic areas like defence, civil nuclear, space and missile development programs has been provided the floor under 'Make in India' initiative to build upon technological capabilities in the field of defence manufacturing to curtail imports and international dependence. The government encouraged the private sector to come forward to share the responsibility for generating employment and invigorating economic growth.
The Indian economy is large and the private sector too has an important role to play in earning a global reputation for providing simple and affordable solutions. The Indian firms are making notable efforts to ensure the growth and production of goods and services that are comparable in the international market and are affordable, accessible and user friendly. The industry is encouraged to undertake frugal innovation, which holds much relevance in the emerging economies like India, China, Brazil and South Africa where knowledge and technology are used to develop products/ processes from a scarce resource in a cost-effective way to enable the nation suffice the needs of the people lying in the bottom most layer of the pyramid. Development of low cost eye surgeries with good surgical standards, an affordable family carTata Nano, production of generic medicines, a vaccine for Hepatitis B at a cost lower than the earlier products, solar powered lightening of rural houses in Karnataka by SELCO in Bangalore, low cost LED lightening solution, small refrigerator sold by Godrej, cell phones and feature phones made by local companies, the Indian Mars spacecraft, are some of the great examples of frugal innovation. India also has a reasonable manufacturing strength and thriving service sector supported by rich demographic dividend and cost-effective labour but lately efforts have been made to devise an innovation ecosystem which is knowledge driven, technology enabled, inclusive and frugal to tap the unused potential of the country, promote indigenization and commercialization.
There is also a great chasm amongst different countries and the methods in which the things may be done. The policy makers have been instrumental in bringing about a massive change in the Indian industry in building up infrastructure, churning out technological innovations and ideas leading to prototype and its commercialization. The government is also encouraging the start up culture in industries operating in areas like biotechnology, healthcare, cloud computing, ecommerce, big data analytics and similar ones. These start-ups are primarily intellectual property centric and are on the prowl for premier talent which could easily embrace the start-up culture, take risks and evolve a product which despite having a long gestation period for delivery has a proven use in the societal development. In a nutshell, the government has taken proactive steps in strengthening the policy framework and the regulatory system to enable industries perform good business and invest in research and development.
Role of Science & Technology and National Education Policies for Promoting Growth and Development of the Industrial Sector
The role of S&T in the industrial sector has to be in alignment with the goals and interests of the national policy to accomplish holistic development, accelerated growth, sustainability, inclusivity and international competitiveness. A favourable and supportive S&T policy, entrepreneurship, resource capital, adequate infrastructure, investments, trained scientific manpower, skills with inclusive innovation and inventiveness play a pivotal role in the growth and development of the country. The policies and schemes introduced during the different five year plans in the country have played a significant role in transforming and stimulating the industrial growth in India. Increased investments in R&D is being observed as the benchmark for emerging economies and India can achieve this through the increased support of the government and the private sector collectively and collaboratively.
The R&D in Indian industry was in infancy during the 1970's but picked up momentum in the later decades. The role of S&T policies in achieving industrial growth has been enormous and should be viewed as an inseparable and integral part of industrial reforms. The Scientific Policy Resolution of 1958, Technology Policy Statement of 1983 and S&T policy 2003 emphasized on promoting R&D in industries. The Science & Technology policy 2003 emphasized the need for investment in R&D. The government proposed for incentivizing the establishment of new in-house R&D centers and strengthening of the existing in-house R&D base in the industries. Indigenous technology development, technology acquisition, technology transfer, dissemination, scale up and commercialization, were given prime importance for the small, medium and large industries with focus on increased global and domestic competitiveness. The R&D intensity and R&D commercialization factor of the industry was also emphasized to be strengthened with increased investments in R&D to enable industry attain technological self-reliance, sustainability and survival in the international competitive economies.
The creation of a strong scientific and engineering research base was emphasized for the development of new knowledge based innovation that can be readily converted into products and processes to address the issues related to national security and the disadvantaged sections of the society. Emphasis was also given for the revamp of the certification process of quality standards and accreditation of the testing and calibration laboratories as per the international requirements to enable the Indian industry avoid non-tariff barriers in global trade (Science & Technology Policy, 2003) . The S&T Policy 2003 also provided strengthening of S&T infrastructure in the academic institutions, specially the universities, engineering colleges and medical institutions. Policy measures were announced to ensure the induction of quality and skilled human resource capital and provisions were made for the mobility of scientists and technologists between industry, academic institutions and research laboratories. The focus of the Science, Technology & Innovation Policy 2013 is also to create an enabling environment for higher participation of the private sector in R&D, facilitate private sector investments in R&D and to treat R&D at private sector at par with public institutes for availing public funds.
The educational institutes, universities and the higher learning centers were impressed upon to collaborate with the industry on mutual benefit basis to enable the exchange of knowledge, expertise and technology for product/process development. The National Policy on Education 1986, with some modification undertaken in the year 1992 introduced reforms in the higher education system and curricula to diversify, expand the coverage and quality of education in India. A system of education was to be cultivated and evolved with greater emphasis on Science and Technology that could increase the employability of the youth, provide them with skills and on the job training to meet the industry requirement. Ministry of Human Resource Development made efforts to do away with the redundant curricula and various professional courses/ add-on courses were introduced and re-designed at the under-graduate and post-graduate level in the universities, national research institutes and NITs to cater to the technological needs of the industry. All India Council of Technical Education (AICTE) advocated for the growth of technical education in India and the government provided full policy and financial support for the creation of one of the most The government has also made efforts to facilitate smooth import of technology knowhow to the industries, creating a vast pool of scientific talent and R&D manpower. Various public-private R&D partnerships and funding to industrial R&D projects were encouraged. Research and development in various sectors like power, telecommunications, space research, defence, atomic energy, information technology, medicine and healthcare were given importance and modalities were worked out to incentivize and promote R&D in these sectors. Through this compilation, an attempt has been made to provide an overview of the schemes run by the different departments under the aegis of Ministry of S&T and other scientific organizations to drive the innovation ecosystem in India with a glimpse of salient achievements of the respective organizations. The compilation also provides a brief idea on the status of private sector participation in industrial R&D in comparison to the government/ public sector and the methods devised and adopted thereof by the government to enhance private sector investments in R&D.
Industrial R&D in India and its Contribution to National R&D Expenditure
A balanced industrial growth is the centre stage of a developing economy for achieving long lasting productivity gains and inclusive growth. Research & development has been the main reason for technological development and advancement in developed nations whereas developing countries have limited focus on the R&D activities in the industry. It is rather perceived as an investment for the future to help the industry survive in business when it is exhausted with the existing product line that is technologically outdated or overtaken by the competitors. There are several factors like market size, market forces, technology area, technology diversity, usage and life cycle of a product which govern investments in R&D by industries and provide them a choice to invest 1 per cent to 10 per cent of their revenues. R&D in industry constitutes the major part of technology improvement and innovation and therefore, its remissness may cause the industry to solely rely upon technology import and diffusion which may involve huge costs. The government has always been supportive and facilitative in promoting research and development in the industry to enable competitiveness, innovation and a broad based inclusive growth. The industries have started establishing in-house R&D centers to build a nexus between technology, innovation, productivity and growth. were allowed an incentive of OGL facilities by the Ministry of Commerce, which gave a big relief in importing pilot plants, analytical instruments, spare parts and consumables for R&D purposes but after the 1991 liberalisation policy, this OGL facility got diluted as most of the imports were liberalized. However, the companies having recognition from DSIR continued to seek renewal and increasing number of companies started seeking fresh recognition mainly because of the prominence and distinction of having recognition from government. 
Promotional Schemes of the Government of India for Facilitating Industrial R&D and their Salient Achievements
The government has introduced several schemes to stimulate R&D investments in the industry. The Department of Scientific & Industrial Research (DSIR) works with the private sector, industry associations and academia to foster an environment that is conducive to innovation, scientific excellence and industrial competitiveness. The department had introduced major schemes and programmes for the 12 th five year plan like : (1) (ii) and 35(1) (iii) of the I.T Act 1961 (iv) customs duty exemption on goods imported for R&D and central excise duty waiver on purchases of indigenous goods for R&D to public funded and privately funded institutions registered with DSIR (v) accelerated depreciation allowance on plant and machinery set-up based on indigenous technology under Rule -5(2) of IT Rules (vi) Central Excise duty waiver for 3 years on the goods produced based on indigenously developed technologies and duly patented in any two of the countries out of India, European Union (one country), USA and Japan. 
Council of Scientific
Department of Science & Technology (DST)
has been the major source of extra mural research funding in the country. DST extends Grant-in-Aid to scientific research institutions, scientific associations and bodies for undertaking many of the mega science projects and basic research in frontier areas of S&T. DST has established the Science and Engineering Research Board (SERB), as an autonomous organization for supporting basic research in India. Recently, SERB has instituted a scheme that provides an opportunity for collaborative research between the academic institutions and the industry. The scheme aims to bridge the gap between the public funded research and industrial R&D. The department has also undertaken several new initiatives like the creation of national centres for advanced research, providing start-up research grant for Indian diaspora undertaking faculty assignments in Indian academia, DISHA scheme for women in science programme, It is extremely difficult to provide a comprehensive list of significant achievements/ technologies developed and commercialized, success stories and innovation capabilities developed and achieved in each of the scheme run by DSIR or any other scientific organization in India whether autonomous institution or public sector within the framework of this compilation, but nevertheless, an attempt is made to highlight some of the achievements made under various schemes/policies in the scientific organizations and is attached at Annexure 1.
Investments in Research & Development by the Government vs Industry
The industrial policy reforms that led to rise of globalization and privatization during the last two decades drifted the focus towards the private sector for the growth and economic development of the country. However, the irony is that major R&D investments still come from the government/public sector. Government is rather playing a more crucial and significant role in driving, facilitating and regulating economic development in the private sector. The scope and coverage of the private sector companies in this compilation includes in-house R&D units and SIRO's recognized by DSIR including the MNC's and the companies not covered by DSIR under its recognition scheme. According to World Bank, the percentage of Gross Domestic Expenditure on R&D in India was 0.8 per cent in 2011 which had hardly changed from 0.75 per cent of GDP in the year 1990-91. The R&D/ GDP ratio of India was around 0.88 per cent during the 11 th plan period which has reported to have slightly increased from 0. Table 1 that the 84.5 per cent of the total industrial sector investment on R&D was contributed by the 93.7 per cent of the private sector in-house R&D units whereas rest of the 15.5 per cent was invested by 6.3 per cent of the public/ joint sector during 2009-10 and the per unit R&D expenditure for private and public sector was Rs. 8.8 crore and Rs. 24.1 crore respectively during the FY 2009-10. This variation can be attributed to the size of public sector companies and their need for complex, sophisticated technological infrastructure to cater projects of national importance and priority. The private sector on the other hand include large, medium and small scale industries and given the heterogeneity in nature and size of industry, has a predilection to invest in R&D based on project/ product development analyzing cost-benefit ratio.
The government has declared 2010-20 as "Decade of Innovation" and has proposed to increase the total amount of R&D investment to two per cent of GDP by the end of 12 th plan Period. Increasing gross expenditure in research & development (GERD) to two per cent of GDP has been the aim of the government for some time and this can be achieved if the private sector increases its R&D investments to at least equate with the public sector R&D investments from the current ratio of around 1:3 (Science, Technology and Innovation policy 2013). The public sector together with the private sector is called as the industrial sector. Table 1 
reflects the R&D expenditures by the industrial sector over a four
The R&D ecosystem in India is primarily government funded and therefore, there is an urgent need for the private sector to embark upon funding research programs aimed at national and societal development.
Position of India in Terms of R&D Spending Amongst Global Counterparts
Amongst the BRICS nations, India had the smallest percentage of R&D spends in the year 2009-10 in comparison to China which accounted for 1.70 per cent followed by Russian federation 1.25 per cent and Brazil 1.17 per cent respectively (DST: Research and Development statistics at a glance 2011-12). This clearly indicates that India having the third largest GDP in the world next to US and China in terms of purchasing power parity (Report on 2014 Global R&D Funding Forecast sponsored by Battelle and R&D Magazine, Dec., 2013) needs to stress on the S&T component for growth and prosperity of the country when it is observed that most of the developed nations spend more than two per cent of their GDP on research & development. According to World Bank, research and development expenditure as a percentage of GDP for countries like USA, Germany, Denmark and Finland had been 2.79, 2.92, 2.98 and 3.55 respectively. USA accounted for the largest share of global R&D spending with 33.9 per cent contribution in 2014 followed by China, Japan and Germany with 17.5 per cent, 10.2 per cent, 5.7 per cent respectively whereas India accounted for only 2.7 percent of the total global R&D spends (Report on 2014 Global R&D Funding Forecast sponsored by Battelle and R&D Magazine, Dec., 2013). It is further presumed that all the developed and developing nations in the European Union, Middle East & Africa, South East Asia will undergo a modest growth in terms of R&D spends in the backdrop of historic economic slowdown in the recent past but China is emerging as a huge economy because of its progressive reforms and may takeover USA in a couple of years as its gross expenditure on R&D is continuously increasing with a double digit change in R&D investments annually. China is also having Science & Technology co-operation with the power centers of the world like the USA and the European Union. China is having S&T co-operation agreement with the United States under the 1979 Science and Technology Cooperation Agreement and provides for S&T co-operation in agriculture, energy, environmental protection, public health, earth, atmospheric and marine sciences, basic research, standards and metrology and nuclear safety (Suttmeier, R. P., 2014) . R&D intensity of Korea is also commendable but has still not match the pace with China. Countries like China, Japan and Korea are aggressively working towards expanding their R&D base and time is already ripe when India needs to rethink and ponder over the causes for low competitiveness in science & technology both in the public and private sectors. The S&T indicators like trained Ph.D students, publications, patents have a direct co-relation with the investments in research and development. During 2006-2010, India's growth rate of scientific research publication was 12 percent and 10 percent as per the SCOPUS and SCI database respectively as against the world average of 4 per cent (DST-Research and Development statistics at a glance 2011-12). It is further observed that though the number of capacity building programmes and publications have increased in the last few years in India but there is a need for critical assessment of publications appearing in journals, national/ international to analyze the quality of publication and the number of papers contributed by the industry to have a glimpse on the quality of basic and applied research being conducted in India. This may also enable the assessment of technologies, both qualitative and quantitative having commercialization potential. India has intensified the efforts towards strengthening its IP regime and programs for the creation of IP awareness and the importance of recognizing early stage invention/know-how amongst the technopreneurs have been undertaken to facilitate the industry in creation of proprietary technologies and commercialization of IP.
Factors Influencing the Investment Sentiments of the Industry
Investments in research and development are the building block of a strong economy and industrial growth but the story in India is asymmetrical. The industry considers investments in research and development as a sunk cost which is not easy to recover and therefore, has a predilection to invest more as capex which can easily be capitalized in the books of accounts. The industry also tends to be very strategic and critical with respect to its research programs and considers investing in research which is cost-effective and can be accomplished within a reasonable time frame. The industry supports more of the self-funded research from the profits arising from the sales turnover of its products and brands and therefore, tends to make judicious investments in R&D depending upon the need to develop and innovate the product based on consumer demand, price profitability and average rate of return on the innovation. The small and medium industries generally lack the required capital, infrastructure, technology and research personnel to undertake high end research and therefore, the investments by these industries remain inadequate. The access of funds from the family and friends, angel investors and venture capitalists is also not easy and therefore, the government intervention at this juncture becomes essential for the industry to help provide them the required support and funds for undertaking research and business.
There are several factors both external and internal governing the R&D spends by the industry. The general recession in the world and economic slowdown in the recent past, market size, market forces and changing needs of the customer had made impact on the trends in R&D investments by the industries in the last decade. Within the country, factors like political stability, government policies for industry, different tax regimes for concessions and incentives to industry, timeframe for seeking statutory approvals for the projects, ease and simplified business procedures, merger and acquisitions, increasing competitive markets for domestic players, foreign direct investment in some industrial sectors, research environment, returns to R&D investments and high risk innovations, degree of government regulation, formation of special economic zones and strategic location availability to the industry or availability of space in industrial parks, business flexibility have greatly altered the way in which the industries are investing in research and development. Research have also indicated that the mergers and acquisitions in industry are governed by the legal protection of intellectual property and it is imperative for the companies to safeguard their technology and innovation by means of patent, copyright, trademark and registration of industrial design in order to prevent unauthorised use. The absence of a strong IP system leads the industry to invest less for R&D and there is no breakthrough research. The technical collaborations of the industry with academic and research institutions and the ease of technology acquisition, transfer, commercialization and scope of technology also affect the investment sentiments of the industry in research and development. The pharmaceutical companies, for instance invest a considerable amount in R&D each year to develop a new drug and bring it to market but with the increase in investments, the risk factors for the return on R&D and realizable profits also increases as the regulatory bodies might take time for approving the developed technology or therapy and the IP. This reduces the thrust of the industry to invest more in R&D and in the absence of strong IP system, the innovation process and product can be easily copied by the other companies. Hence, there is a need for more responsive policy and greater public support to lubricate the wheels of innovation, provide fertile environment and availability of funds and incentives to industry to augment investments in R&D and improve technological capability and exports. The role of the government therefore, becomes more responsible in supporting basic and applied research in the country through a network of policies and schemes. The seeds of change have been sown and fruition may be observed in the time to come.
Discussion
The industrial sector has evolved considerably in the post-liberalization era and has played a pivotal role in the economic development of the country. The Indian government had undertaken several policy reforms which have been friendly and progressive but the comparison of the role of the industrial policies pre and post liberalization era and the S&T development in India in nurturing the industrial growth of the country with the rest of the developed nations would be unreasonable and not pragmatic keeping in view of our available infrastructure, resources and technically sound manpower. In comparison with the national expenditure, the percentage of expenditure by the industries may appear small but the objectives are also different. Each five year plan has witnessed higher budget allocations of the government for improvement in Science & Technology. The bulk of government research and development expenditures goes to only five agencies, Defence Research and Development Organisation (DRDO), Department of Space, Department of Atomic Energy, Indian Council of Agricultural Research and Council of Scientific and Industrial Research. The government for long has been the largest source of funding for macro projects under space research, atomic energy, defence and aerospace, missile development programmes, railways, power, health and environment, emerging academic disciplines like biotechnology, nanotechnology, funding to national projects like National Agriculture Technology Project (NATP), National Agricultural Innovation Project (NAIP) and National Agricultural Science Fund (NASF) in the stream of agriculture, exploration and exploitation of earth and others because of which India is well equipped, poised and successful in promoting defence and security-related large-scale scientific endeavours, such as space, nuclear science programs, energy and telecommunications than any other developing nation. The Mars Orbiter Mission with a comparatively economical project cost of just US$ 72 million, launch of GSAT-14 (communication satellite), Indian Regional Navigation Satellite System IB (IRNSS IB), PSLV-C 23 and a manned mission to space by ISRO; development of research vessel Sindhu Sadhna for various observational studies of the sea and marine explorations; designing, construction and commissioning of the DHRUV reactor for attaining self-sufficiency in the production of radio-iostopes, development of digital radiography and tomography techniques for use in non-destructive testing procedures in India and indigenous development of instrumentation, detector, sensors and mass spectrometers by Bhabha Atomic Research Centre (BARC), Mumbai; success in nuclear experiments and materials research, ALICE experiment at the Large Hadron Collider (LHC) at CERN, Geneva, Switzerland by Variable Energy Cyclotron Centre (VECC), Kolkata are examples of some of the spectacular achievements of the government run scientific organizations.
The public sector had also played a significant role in the economic development of the country and has undergone progressive expansion in the last two decades. The government is extending full support and co-operation to the PSE's to empower them expand their business and emerge as global giants. The objectives and prime focus of the centre and state governments and the private sector have also been different. The centre has always given importance to applied sciences and natural sciences whereas for the state governments, agriculture, forestry, aquaculture, animal husbandry, dairy, irrigation, waste water management and the other allied activities have been of considerable importance. The focus of R&D investments by the industry has been in areas of engineering and technology like information technology, transportation, telecommunication, biotechnology, drugs & pharmaceuticals, agriculture and agriculture machinery, chemicals, automobiles, electrical and electronic equipment, food & beverages etc. Several new sectors have also emerged like the bio-fuel industry did not exist in India during the 1990's but now there are companies which are making substantial investments in the bio-fuel R&D. The bio-pesticide and the bio-fertilizer industries are also new and the Indian firms are making notable investments on R&D in these areas. Among the companies in industrial R&D, drugs & pharmaceutical sector have contributed to (27.7 per cent) followed by transportation (14 per cent), Information & Technology (13.6 per cent) and defence (6.1 per cent) respectively for the overall R&D spends during the year 2009-10. The defence and the fuel sector had a profound share of R&D investments from the public sector.
The industry contribution towards R&D is increasing over the last few years as depicted in Table  1 , but it still contributes to less than 35 per cent of the overall R&D spends. The government has chalked out a viable roadmap to facilitate growth in the industrial R&D by the private sector. Some of the measures that can catalyse investments in industrial R&D could be to have an effective and conducive policy to stimulate private research in India. Foreign investments in Indian industry and collaborative research projects with the research institutions in various countries may be encouraged. Improvements in IPR environment and regulation, business incubation and tax incentives are required to encourage private sector R&D investments. Industrial transformation research programs may be initiated to help solve the problems of the industry related to technology knowhow, cost and improvement. Profitable and social enterprises catering to the basic needs of the society based on innovative technology may be promoted. Large Indian industries may be encouraged to establish globally benchmarked stand-alone R&D centres with upgraded infrastructural facilities on the lines of R&D centres set up by multinational companies (MNCs). Strong collaborations between industry and academia with the formation of research innovation clusters for areas like software technology, food processing, automotive industry and electronic manufacturing may be promoted and strengthened to develop globally accepted technologies which are business and demand driven. Steps to consolidate our existing technological base may be taken to strengthen the R&D base in industry. Government may also promote Start-ups and MSMEs as they play a crucial role in the economic growth and development of the country.
The industry may be encouraged to develop technology which can be easily commercialized and is cost-effective, reliable, maintainable and widely accepted by the end consumer. Seminars/workshops/ trainings may be organized with local business and chambers of commerce to help disseminate information, hands on experience of technology and benefits of the IP system to the small and medium sized enterprises. There should be a mass popularization of the various schemes floated by the government for availing tax benefits, customs, and excise duty exemptions to Industry to elevate their investment sentiment.
India has much to change with adequate economic reforms and should look for core competencies. There is a swelling need for the creation of specialized and trained workforce to meet the demand in industry. Government has taken steps for capacity building in frontier areas of science like ICT, open source drug discovery, electronics & engineering, agricultural biotechnology etc. The young scientists/ talent working or settled abroad should be allured to come back and work in Indian industry. This would help in creating a pool of highly skilled scientists and technologists and acquiring skills and resources that lead to improvement of R&D investments in the country. The private sector should also participate in the skill development and training of its employees. The industry should view the creation of an employable workforce as a part of nation building rather than a corporate social responsibility. Industry should also fund for scholarships/fellowships to the students in the academia to pursue research career/higher studies.
India has made substantial investments in the R&D sector during the 11 th five year plan period laying a strong foundation for S&T sector in the country. It 24 Deepika Rohatgi and K V S P Rao had been imperative for the government to evolve new strategies and mechanisms to infuse investment by industry if one per cent of GDP investment on R&D is to be targeted by the private sector. The government has already initiated measures to improve the private sector contribution to R&D expenditure but still the sectors like space, defence, atomic energy, protection of environment, exploration of earth, seas and atmosphere are the strategic and critical component areas which the government should be proud of retaining with itself. The central government (including public sector and the higher education sector) has in the past continued to contribute a major share of the national R&D expenditure for these sectors, because of which the contribution by the public sector has always been more than the private sector. If we compare with the other countries like, China, USA, Korea and Japan, where it has been observed that private sector R&D expenditure is around three -fourth of the total R&D spends, then it can be the prerogative and choice of one's individual country as to which strategic sector the government wants to retain with itself or there could be sectors/ objectives, which the government of that country would have given totally or partially to the private sector.
The Indian industries whether the public sector or private sector have been passing through difficult times governed by both the political and economic factors. The companies have established in-house R&D centres and have invested a good amount for R&D in spite of the economic slowdown and global recession in the past. It is also observed that the number of R&D centres have not only increased but the industry is also working on diversified research programs which are well defined, time bound with an objective to enhance the quality and domain of research in the centres. For example, the BHEL has established 14 centres of excellence which are in operation focussing on new product/process development and has recently filed more than 400 patents and copyrights. Aircraft Research and Design Centre (ARDC) of Hindustan Aeronautics Limited has 13 successful aircraft designs to its credit, ranging from basic piston trainers to the frontline combat aircraft (HT-2, PUSPAK, KRISHAK, MARUT, KIRAN MK-1, BASANTH, AJEET, KIRAN MK-II, HPT-32, AJEET TRAINER, LCA and IJT) . NEPA Limited was a single product company producing the standard newsprint but now the company has produced for the first time in India 42 GSM newsprint, meeting practically all the international parameters of strength, opacity, surface smoothness and brightness that has enabled the company meet the demand across all the categories of newsprint customers. Centre for Applied Research & Development (CARD), Nevyeli Lignite Corporation Limited has patented a process for the production of potassium humate from lignite that will help build up organic matter in the soil and is a plant growth stimulant. The commercialization of this product will bring lignite have a diversified utility in producing a value added product and thereby promoting agricultural growth in the country. Bharat Earth Movers Limited (BEML) which is catering to core sectors like defence, rail, power, mining and infrastructure has recently diversified its business for successfully assembling stainless metro coaches for Delhi Metro Rail Corporation (DMRC) under technical collaboration with M/s Rotem of South Korea. Some of the companies have also been able to compete with multi-nationals in the world market adhering to the international quality standards and are in quest for further contracts for running business. There has also been an increase in number of the domestic filing of patents and some of the scientific organizations The country is watching a change and is moving on the transformation stage. Though we have challenges to subjugate, a strategized and collective approach can definitely help us upsurge an economy which is innovation driven rather than factor driven. The government has embarked upon several new policy initiatives to help the country have breakthrough innovation and a globally competitive environment. The Make in India campaign of the Government of India with a slew of simplified business procedures, statutory clearances, favourable investment policies, tax reforms in the country and land acquisition regulation is an approach in the right direction to revive the distressing economy. The stage is set to focus on the industrial development in the country with a number of foreign investors and major industry players finding India a favourable investment destination. The country will benefit from the expertise and knowledge of the other developed nations for futuristic technologies while achieving the goal of self-reliant and selfsustaining economy through learning and training. The series of policy initiatives along with several reforms in place shall reverberate with the increased research & development sentiments in the industry with increased push for intellectual property creation, protection and management. It is envisaged that the upcoming policy of the government for start-ups shall also support for innovation and entrepreneurship base in the country, bringing a relief to the start-up community for funds and execution of business. In a nutshell, the government is poised and focussed towards targeted development and is making efforts to mobilize all the adequate resources required for thriving a fertile innovation ecosystem in India.
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(iii) Chitosan based drug delivery system for dental and oral diseases.
(iv) Development of genetically engineered cellulose for alkaline xylanase through submerged fermentation process (SMF). Due to the inconsistency in the yield of the product, the company had opted for recombinant route for expressing the gene viz. Bacillus pumilus in Pischia pastoris, a well studied host used in the production of recombinant enzymes. (ii) The National Aerospace Laboratory (NAL) has also developed spectrally selective coatings for solar thermal power generation and application. The know-how for the development of technology for commercial production of absorber coatings is available with NAL.
(iii) The National Aerospace Laboratory (NAL) and the Indian Meteorological Department (IMD), are jointly producing the Drishti system, which is an indigenous hi-tech visibility system to manage take off and landing at airports under conditions of lowest visibility of 50 meters. 3. The Central Scientific Instruments Organization (CSIO), Chandigarh, has developed an earthquake warning system (Eqws) which records the events and generates SMS to the concerned action point in real time. Recently, CSIO using this (Eqws) has alerted the Delhi Metro about the 6.8 magnitude of the earthquake recorded in Hindukush region of Afganistan on 10 th April, 2016.
4. National Botanical Research Institute, Lucknow, has developed low arsenic rice grain. The new variety has "arsenic methyl transferase gene", isolated from a fungus that accumulates less arsenic and would be less toxic. The variety is almost ready for field trials.
5. CSIR, with Department of Science & Technology has developed the first Indian Gyrotron (a device used in nuclear fusion process and which is presently imported in the country) and is ready to be tested at the Institute of Plasma Research, (Department of Atomic Energy), Gandhinagar, which is a partner institute of the project.
6. CSIR -Indian Institute of Petroleum, Dehradun has developed and transferred the technology for making a catalyst that will reduce Sulphur in LPG.
7. CSIR and Oil and Natural Gas Corporation Ltd.
(ONGC) has established a unique PPP mode for exploration of natural resources for oil and gas from ONGC oil fields in Krishna -Godavari basin.
(i) CSIR-Central Mechanical Engineering
Research Institute (CMERI) has developed a 10 hp tractor named Krishi Shakti which is cost effective (Rs. One lakh) and is suitable for small and marginal farmers. CMERI had done the nation proud when in 1970 it first designed and developed the 20 hp Swaraj tractor, the first indigenous tractor of the country. Thereafter, CMERI designed the 35 hp Sonalika tractor, which has gone into major production.
(ii) CMERI has also developed Soleckshaw (Solar-Electric Rickshaw). It is an ecofriendly mode of urban transport system which is dual powered and driven partly by pedal and partly by electric power supplied a battery that is charged from solar energy. The technology has been commercialized to some of the companies.
9. National Physical Laboratory (NPL), New Delhi developed the chemical composition of the indelible ink which is used as an electoral ink and the process involved in the manufacturing of the ink is licensed and is a closely guarded secret.
10. Central Food Technological Research Institute (CFTRI), Mysore, during the late 1950's developed a process for the production of infant food from buffalo's milk. The technology was licensed to the Kaira District milk producers union at Anand, Gujarat, which produced infant food under the brand name Amulspray and which soon became a popular household name. The product has also been distributed under the special nutrition programme, Integrated Child Development Service Scheme (ICDS), run by the various state Governments.
Institute of Microbial Technology (IMTECH),
Chandigarh has designed a new-generation clot buster protein streptokinase and the know-how for the production has been licenced to Nostrum Pharmaceuticals Inc., USA about a decade ago. The primate studies for toxicological safety and efficacy have been successfully completed, validating the proof-of-concept of this molecule.
(C) Salient Achievements of Indian Council of Agricultural Research, New Delhi
Indian Council of Agricultural Research has a vast network of research institutes, national research centres and bureaus, state agriculture universities and is a pioneer organization responsible for sustainable food-grain production in India with major milestones being achieved as green revolution (food grains), white revolution (milk), yellow revolution (oilseeds), blue revolution (fish) and golden revolution (fruits and vegetables). The research and development efforts of the organization have enabled the increase in production of food grains by five times, horticultural crops by more than nine times, fish by more than 12 times and milk by around eight times in the last 60 years. Some of the remarkable achievements of ICAR are enumerated below:
(i) Developed and released nearly 3,300 highyielding varieties/hybrids of field crops for different agro-ecological zones.
(ii) Developed single cross hybrids in Quality Protein Maize (QPM) and baby corn for high nutritional value in addition to high yield.
(iii) Agriculturally important micro-organisms, plant growth promoting rhizo-bacterium (PGPR), Bacillus amyloliquefaciens IISR GRB 35 has been bio-encapsulated for smart delivery in crops. The patent for the invention has also been filed.
(iv) Developed the bio insecticide strain DOR Bt-l, registered and commercialized its formulation KNOCK W.P. along with a low-cost mass multiplication methodology for integrated management of semilooper caterpillar in a number of crops; developed endosulfan-tolerant strain of Trichogramma chilonis (Endograma) ; deployed Pest Management Information System including Interactive Kiosks for Basmati rice, cotton, mustard, chickpea and groundnut.
